METHOD FOR MANUFACTURING THIN FILM TRANSISTOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to amethod for manufacturing 

p-'type and n-type thin film transistors, and particularly to 
a method for manufacturing a thin film transistor through a laser 
radiation process. 

2. Description of the Related Art 

10 Conventionally, there are two primary methods for 

irradiating amorphous silicon with an Excimer laser (EL) beam 
to anneal the amorphous silicon, converting the amorphous silicon 
into polycrystalline silicon. One of the two primary methods 
includes converting amorphous silicon into polycrystalline 

15 silicon without previously implanting dopant atoms into the 
amorphous silicon (non-doped amorphous silicon) . In contrast, 
the other of the two primary methods includes previously doping 
dopant atoms into amorphous silicon to convert the amorphous 
silicon into of an N-type amorphous silicon layer (for formation 

20 of P-channel transistor) or a P-type amorphous silicon layer 
(for formation of N-channel transistor) and irradiating the 
amorphous silicon layer with an Excimer laser beam to convert 
the amorphous silicon of the silicon layer into polycrystalline 
silicon. 

25 Generally, when doping dopant atoms used as a solid phase 

diffusion source into amorphous silicon, a speed at which 
amorphous silicon is crystallized when converting amorphous 
silicon, into polycrystalline silicon increases. However, 
employment of the aforementioned method produces the following 



results. That is, when an amorphous silicon film is doped with 
dopant atoms to convert the amorphous silicon film into an N-type 
amorphous silicon layer (for formation of P-channel transistor), 
and the amorphous silicon of the silicon layer is converted into 
5 polycrystalline silicon by irradiation of Excimer laser beam, 
the threshold voltage of P-channel transistor can be adjusted, 
but the threshold voltage of N-channel transistor cannot be 
adjusted. That is, employment of the conventional method gives 
wide variations in the threshold voltage of N-channel transistor . 

10 Accordingly, it can be concluded that although a P-channel 
transistor is formed to have threshold voltage levels within 
a specific range of values, a P-channel transistor and an 
N-channel transistor are formed to have threshold voltages at 
levels different from each other due to the variation of N-channel 

15 transistor threshold voltage, incurring a substantial 
processing burden on the design of circuit. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method 
20* for manufacturing a thin film transistor that constitutes 
p-channel and n-channel transistors exhibiting smaller span of 
variations in threshold voltage levels. 

A method for manufacturing a thin film transistor according 
to the invention comprises the steps of: depositing a non-single 
25 crystal semiconductor film on an insulting substrate; 
introducing at least one dopant into whole of the non-single 
crystal semiconductor film; irradiating the non-single crystal 
semiconductor film with a laser beam to convert a non-single 
crystal material of the non-single crystal semiconductor film 
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into. a single crystal material, resulting in formation . of a 
crystallized semiconductor film; and forming transistors of 
different conductivity types in the crystallized semiconductor 
film, in which a ratio between quasi-fermi level of the single 
5 crystal material corresponding to one of the transistors of 
different conductivity types and quasi-fermi level of the single 
crystal material corresponding to the other of the transistors 
of different conductivity types is between 0.5 : 1 and 2.0 : 
1. 

10 The method for manufacturing a thin film transistor 

according to the invention is further constructed such that 
• introducing, at least one dopant into whole of the non-single 
crystal semiconductor film includes introducing dopant atoms 
of one conductivity type into portions of the non-single crystal 

15 semiconductor film corresponding to one of the transistors of 
different conductivity types and the other of the transistors 
of different conductivity types, and subsequently, introducing 
dopant atoms of the other conductivity type into a portion of 
the non-single crystal semiconductor film corresponding to the 

20- other of the transistors of different conductivity types. 
Alternatively, the method is constructed such that introducing 
at least one dopant into whole of the non-single crystal 
semiconductor film includes introducing dopant atoms of any one 
of two conductivity types into portions of the non-single crystal 

25 semiconductor film corresponding to one of the transistors of 
different conductivity types and the other of the transistors 
of different, conductivity types. The method is further 
constructed such that introducing at least one dopant into whole 
of the non-single crystal semiconductor film includes 
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introducing the at least one dopant into whole of the non-single 
crystal semiconductor film through a protective film formed on 
the non-single crystal semiconductor film and irradiating the 
non-single crystal semiconductor film with a laser beam includes 
5 removing the protective film from the non-single crystal 
semiconductor film and then irradiating the non-single crystal 
semiconductor film with the laser beam. 

The method for manufacturing a thin film transistor 
according to the invention further comprises the. step of 

10 subjecting the crystallized semiconductor film to plasma 
processing and heat processing with temperatures in the range 
of 290 to 340 degrees C. between the step of irradiating the 
non-single crystal semiconductor film with a laser beam to 
convert a non-single crystal material of the non-single crystal 

15 semiconductor film into a single crystal material, resulting, 
in formation of a crystallized semiconductor film and the step 
of forming transistors of different conductivity types in the 
crystallized semiconductor film, in which the heat processing 
is carried out in an inactive gas atmosphere. 

20 . ' 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG . 1A is a cross sectional view of a thin film transistor 
substrate and illustrates a part of process steps of a' method 
for forming a thin film transistor according to a first embodiment 
25 of the invention in the order of process steps; 

FIG. IB is a cross sectional view of a thin film transistor 
substrate and illustrates the step subsequent to the steps shown 
in FIG. 1A; 

FIG. 1C is a cross sectional view of a thin film transistor . 
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substrate and illustrates the step subsequent to the step shown 
in FIG . IB; 

FIG. 2 is a plan view illustrating how the thin film 
transistor substrate is subjected to a multi-step radiation 
5 process according the first through third embodiments of the 
invention, in which rectangle-shaped excimer laser radiation 
is used for manufacture of thin film transistor; 

FIG. 3A is a cross sectional view of a thin film transistor 
substrate and illustrates a part of process steps of a method 
10 for forming a thin film transistor according to a second 
embodiment of the invention in the order of process steps; 

FIG. 3B is a cross sectional view of a thin film transistor 
substrate and illustrates the step subsequent to the steps shown 
in FIG. 3A; and 

15 FIG. 3C is a cross sectional view of a thin film transistor 

substrate and illustrates the step subsequent to the step shown 
in FIG. 3B. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 A method for manufacturing a thin film transistor according 

to a first embodiment of the invention will be explained in detail 
below. FIGS. 1A, IB and 1C are cross sectional side views of 
a TFT substrate constituting a liquid crystal panel and 
illustrate a part of process steps of a method for forming a 

25 thin film transistor on a transparent insulating substrate, in 
the order of process steps. Furthermore, FIG. 2 is a plan view 
illustrating how the TFT substrate is subjected to a multi-step 
radiation process, in which rectangle-shaped Excimer laser 
radiation is used for manufacture of thin film transistor. 



First,' an amorphous silicon film 3 is deposited over a 
transparent insulating substrate 1 via an insulation film 2. 
Then, for example, a boron dopant is implanted into the entire 
. amorphous silicon film 3 via the insulation film 4 to adjust 
5 the threshold voltage of an N-channel transistor (refer to FIG. 
1A). . ' • 

Thereafter, a resist film is coated over the amorphous 
silicon film 3 and exposed and developed to form a resist film 
5 having openings 15 therein . A phosphorous dopant is implanted 

10 into desired portions of the amorphous silicon film 3 using the 
resist film 5 as a mask to adjust the threshold voltage of a 
P-channel transistor (refer to FIG. IB) . Then, the resist film 
5 and the insulation film 4 are removed and the amorphous silicon 
film 3 is exposed to Excimer laser radiation, allowing the 

15 amorphous silicon of the film 3 to be converted into 
polycrystalline silicon (refer to FIG. 1C) . 
- . As described above, prior to converting the amorphous 

silicon of the film 3 into polycrystalline silicon through 
Excimer laser radiation, dopant .atoms are implanted into the 

20 entire amorphous silicon film 3 used to form transistors in 
subsequent steps to previously make Fermi -level nearly be uniform 
throughout the amorphous silicon film 3. Since this operation 
acts so that localized levels caused by dangling bonds that occur 
at surfaces and interfaces in the amorphous silicon film, 3 are 

25 reduced to allow Fermi-level to' be uniform throughout the 
amorphous silicon film, variations in the threshold voltages 
of N-channel and P-channel transistors can be reduced to levels 
nearly equal to each other when. the amorphous silicon of the 
film 3 is converted into polycrystalline silicon by irradiation 
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of Excimer laser beam. Through reference to FIGS. 1A, IB and 
1C, detailed description of a method for manufacturing a thin 
film transistor according to the invention will be made. 

An underlying oxide film 2 made of Si0 2 and having a 
5 thickness of about 300 nm is formed over a glass substrate 1 
and an amorphous silicon film 3 is formed on the underlying oxide 
film 3 by LP-CVD or PE-CVD to have a thickness of about 60 nm. 
The amorphous silicon film 3 formed by PE-CVD is subjected to 
evacuation of hydrogen to allow the amorphous silicon film 3 

10 to contain h.ydrogen not greater than 1 weight percent. 
Subsequently, a protection oxide film 4 of Si0 2 is formed on 
the amorphous silicon film 3 to have a thickness of about 50 
nm and boron ions are implanted into the entire amorphous silicon 
film 3 at an energy of 50 keV and a dose of 7E12/cm 2 (FIG. 1A) . 

15 Then, a resist film 5 of about 2fJtm thickness is coated 

on the entire surface of the substrate and exposed and developed 
to remove only portions of the resist film corresponding to 
P-channel transistor formation regions. Phosphorous ions are 
implanted into the amorphous silicon film 3 using the resist 

20 film 5 as a mask at an energy of 90 keV and a dose of 1.0E13/cm 2 
(FIG.. IB). Thereafter, the resist film 5 is removed and ' the 
protection oxide film 4 is removed by etching. Sjubsequent ly , 
1 through the use of an Excimer laser spot shaped into a rectangle 
of 150 mm X 350 fl m (where energy density is 85% of 

25 micro-crystallization energy density and a ratio of an area over 
which one rectangular laser spot and the other rectangular laser 
spot overlap each other to an area of one rectangular laser spot 
is 90%), the amorphous silicon of the film 3 is converted into 
polycrystalline silicon (FIG. 1C) . 
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In this case, the amorphous silicon film within an 
N-channel transistor formation region has a dopant concentration 
of about 4E17/cm 3 and the quasi-fermi level of the amorphous 
silicon within the N-channel transistor formation region is about 
0.443 eV, and the amorphous silicon film within a P-channel 
transistor formation region has a dopant concentration of about 
1.7E17/ cm 3 and the quasi-fermi level of the amorphous silicon 
within N-channel transistor formation region is about 0.421 eV, 
whereby a ratio between the quasi-fermi levels in N-channel. 
transistor formation region and P-channe.l transistor formation 
region becomes 1.05 :*' 1. 

Under the aforementioned conditions, charged states in 
the spectrum of dangling bonds that occur at surfaces and 
interfaces in the amorphous silicon films within the N-channel 
transistor formation region and the P-channel transistor 
formation region7 become nearly equal. Therefore, an 
advantageous mechanism that allows doped amorphous silicon to 
grow by solid phase at a higher rate can be observed. As a result , 
localized levels caused by dangling bonds that occur at surfaces 
and interfaces in the amorphous silicon film. 3 are reduced to 
allow standard deviation ((J) of variations in threshold voltages 
of N-channel and P-channel transistors to be reduced to 
approximately half the standard deviation ( (J ) of variations 
in threshold voltages of N-channel and P-channel transistors 
•formed in accordance with the conventional technique, i. e., 
reduced from 0.18 V to 0.11 V and from 0.25 V to 0.14 V, 
respectively. 

In the embodiment, needless to say, even when implanting 
phosphorous ions instead of boron ions into the entire amorphous 
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silicon, film and implanting boron ions instead of phosphorous 
ions into the amorphous silicon film within the N-channel 
transistor formation region and then converting the amorphous 
silicon of the film into polycrystalline silicon through the 
5 use of Excimer laser, beneficial effects similar to those 
resulting from the aforementioned procedure can be obtained. 
Furthermore, although the oxide film 4 is formed to. prevent 
contamination of the silicon layer (i. e., amorphous silicon 
film and polycrystalline silicon film) , the oxide film 4 may 

10 be excluded from the film configuration when the silicon layer 
is free from contamination or contamination of the silicon film 
does not cause serious problem. 

Subsequently, a method for manufacturing a thin film 
transistor according to a second embodiment of the invention 

15 will be explained below. 

The method according to the first embodiment includes 
implanting two dopant atoms of different conductivity types into 
the amorphous silicon film and. convert ing the amorphous silicon 
of the amorphous silicon film into polycrystalline silicon 

20 through the use of Excimer laser. That is, boron ions are 
- implanted into the amorphous silicon film within the N-channel 
transistor formation region and both boron and phosphorous ions 
are implanted into the amorphous silicon film within the 
P-channel transistor formation region. However, employment of 

25 a method including implanting one dopant into the amorphous 
silicon film and then converting the amorphous silicon of the 
amorphous silicon film into polycrystalline silicon through the 
use of Excimer laser produces beneficial effects similar to those 
resulting from employment of the method according, to the first 
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embodiment . 

The method for manufacturing a thin film transistor 
according to the second embodiment will be explained with 
reference to FIGS. 3A, 3B and 3C. 
5 First, an underlying oxide film 2 made of Si0 2 and having 

a thickness of about 300 nm is formed over a glass substrate 
1 and an amorphous silicon film 3 is formed on the underlying 
oxide film 2 by LP-CVD or PE-CVD to have a thickness of about 
60 nm. The amorphous silicon film 3 formed by PE-CVD is subjected 

10 to evacuation of hydrogen to allow the amorphous silicon film 
3 to contain hydrogen not greater than 1 weight percent/ 
Subsequently, a protection oxide film 4 of SiO.sub.2 is formed 
on the amorphous silicon film 3 to have a thickness of about 
50 nm and for example, boron ions (for adjusting the threshold 

15 voltage of N-channel transistor) are implanted into the entire 
amorphous silicon film 3 at an energy of 50 keV and a dose of 
7E12/cm 2 (FIG. 3A) . 

Then, the protection oxide film 4 is removed by etching 
and through the use of anExcimer laser spot shaped into a rectangle 

20 of 150 mm X 350 \i m (where energy density is 85%. of 
micro-crystallization energy density and a ratio of an area over 
which one rectangular laser spot and the other rectangular laser 
spot overlap each other to an area of one rectangular laser spot 
is 90%: refer to FIG. 2), the amorphous silicon of the film 3 

25 is converted into polycrystalline silicon (FIG. 3B) . In this 
case, the amorphous silicon film within N-channel transistor 
formation region- has a dopant concentration of about 4E17/cm 3 
and the quasi-fermi level of the amorphous silicon within 
N-channel transistor formation region 7 is about 0.443 eV, and 
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the amorphous silicon within P-channel transistor formation 
region 7 has the same dopant concentration as that of the amorphous 
silicon within N-channel transistor formation region, whereby 
a ratio between the quasi-fermi levels in N-channel transistor 
5 formation region, and P-channel transistor formation region 
becomes 1:1. Under the aforementioned conditions, charged 
states in the spectrum of dangling bonds that occur at surfaces 
and interfaces in the amorphous silicon films within the 
N-channel transistor formation and the P-channel transistor 

10 formation become completely equal to each other. Therefore, 
an advantageous mechanism that allows doped amorphous silicon 
to grow by solid phase at a higher rate can be observed and as 
. a result, localized levels caused by dangling bonds that occur 
at surfaces and interfaces in the amorphous silicon film 3 are 

15 reduced. 

After converting the amorphous silicon of the film 3 into 
polycrystalline silicon through the use of Excimer laser, a gate 
oxide film 6 is formed to have a thickness of about 50 nm and 
a resist, film 5 having a thickness of about 2 fJm is coated thereon 

20 and exposed and developed to remove only portions of the resist 
film corresponding to P-channel transistor formation regions. 
Phosphorous ions are' implanted into the film 3 at an energy of 
90 keV and a "dose of 1.0E13/cm 2 (refer to FIG. 3C) to adjust 
the threshold voltage of P-channel transistor. This allows v 

25 standard deviation ( G ) of variations in threshold voltages of 
the N-channel and P-channel transistors formed as described above 
to be reduced to approximately one-half the standard deviation 
( 0\) of variations in threshold voltages of the N-channel and 
P-channel transistors formed in accordance with the conventional 
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technique, i. e., reduced from 0.18 V to 0.11 V and from 0.25 
- V to 0.11 V,- respectively. 

Also in the embodiment, needless to say, even when 
implanting phosphorous ions instead of boron ions into the entire 
5 amorphous silicon film and implanting boron ions instead of 
phosphorous ions into the amorphous silicon film of the N- channel 
transistor formation region and then converting the amorphous 
silicon of the film into polycrystalline silicon through the 
use of Excimer laser, beneficial effects similar to those 

10 resulting from the aforementioned procedure can be obtained. 
Furthermore, although the oxide film 4 is formed to prevent 
contamination of the silicon layer (i. e., amorphous silicon 
film and polycrystalline silicon film) , the oxide film 4 may 
be excluded from the film configuration when the silicon layer 

15 is free from contamination or contamination of the silicon film 
does not cause serious problem. Moreover, the gate oxide film 
6 formed prior to. implanting phosphorous ions can be replaced 
by an oxide film that is formed in a step different from the 
above-described step or may not be formed depending on 

20 application demands. 

Subsequently, a method for manufacturing a thin film 
transistor according to a third embodiment of the invention will 
be explained below. The method for forming N-channel and 
P-channel transistors according to the third embodiment 

25 includes: converting the amorphous silicon of an amorphous 
silicon film 3 into polycrystalline silicon in accordance with 
the method according to the first and second embodiments; forming 
a gate insulating film on the amorphous silicon film 3; forming 
a gate electrode thereon; implanting dopant atoms into the 
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amorphous silicon film 3 using the gate electrode as a mask to 
form source/drain, regions in the polycrystalline silicon film 
3; forming an interlayer insulation film to cover the 
polycrystalline silicon film 3 and the gate electrode; forming 
5 openings in desired portions of the interlayer insulation f ilm; 
forming interconnection lines for providing electrical 
connection between the transistor components and other 
components through the openings; forming a protective insulation 
film to cover the interconnection lines and protect the surfaces 

10 of individual components; subjecting the glass substrate 
incorporating the components thereon to final plasma processing; 
and heating the glass substrate incorporating the components 
thereon to temperatures of 290 to 340 degrees C . to form N-channel 
, and P-channel transistors'. In this case, the above-described 

15 heat processing is preferably performed in an- inactive gas 
atmosphere such as argon-containing gas. Alternatively, in a 
case where the heat processing is performed in an environmental 
atmosphere other than vacuum, the heat processing is preferably 
performed in a gas atmosphere such as hydrogen containing gas. 

20 According to the method employed in the embodiment , the N-channel 
and P-channel transistors are formed such that the 
interconnection lines are formed to provide electrical 
connection between transistors and the outside and the protective 
insulation film is formed to cover the interconnection lines, 

25 and then, the glass substrate is subjected to final plasma 
processing and heat processing with temperatures in the range 
of 290 to 340 degrees C. . However, the method according to the 
embodiment is not limited to the aforementioned procedure, but 
needless to say, for example, may include subjecting the glass 
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substrate incorporating the components thereon to final plasma 
processing and heating the glass substrate to temperatures of 
290 to 340 degrees without depositing the protective insulation 
film which covers the interconnect ion lines used to provide 
5 electrical connection between transistors and the outside, 
resulting in formation of N-channel and P-channel transistors. 

According to the. method employed in the third embodiment , 
in addition to converting the amorphous silicon of amorphous 
silicon film intopolycrystalline silicon, the dopant atoms doped 

10 into the amorphous silicon film act to terminate dangling bonds 
that occur at surfaces and interfaces in the amorphous silicon 
film and therefore, localized levels caused by the dangling bonds 
that occur at surfaces and interfaces in the amorphous silicon 
film 3 are reduced. This allows standard deviation {(J) of 

15 variations in threshold voltages of, N-channel and P-channel 
transistors to significantly be reduced from 0.18 V to 0.09 V, 
and from 0.25 V to 0.09 V, respectively. 

When heating the amorphous silicon to temperatur.es "below 
290 degrees C. , solid phase diffusion, rarely occurs , i. e., the 

20 extent to which variations in the threshold voltages of N-channel 
and P-channel transistors are reduced becomes small and when 
heating the amorphous silicon to temperatures not greater than 
350 degrees C. or in a vacuum atmosphere, hydrogen is released 
from the amorphous silicon film to increase localized levels 

25 caused by dangling bonds that occur at surfaces and interfaces 
in the amorphous silicon film, unfavorably increasing variations 
in the threshold voltages of transistors . When using solid phase 
diffusion before final plasma processing, the advantage of solid 
phase diffusion is reduced by half and therefore, heat processing 
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must be carried out after completion of final plasma processing". 

As described so far,, the method for manufacturing a thin 
film transistor according to the invention comprises : implanting 
dopant atoms, of a first conductivity type into an entire thin 
5 semiconductor film on a transparent insulating substrate to form 
a thin semiconductor film doped with dopant atoms of a first 
conductivity type; and doping dopant atoms of a second 
conductivity type into portions, used to form transistors of 
a first conductivity type in a subsequent step, of the thin 

10 semiconductor film. That is, the method according to the 
invention is characterized in that at least one dopant is 
introduced into the entire thin semiconductor film before the 
amorphous silicon of < the thin semiconductor f ilm> is converted 
into polycrystalline silicon through the > use, of laser. This 

15 allows a ratio between the quasi-fermi levels in a transistor 
formation region used to forma transistor of a first conductivity 
type and a transistor formation region used to form a transistor 
of a second conductivity type to be between 0.5 : 1 and 2.0 : 
1 . . Furthermore, charged states in the spectrumof dangling bonds 

20 that occur at surfaces and interfaces in the semiconductor films 
within the N-channel transistor formation region and the 
P-channel transistor formation region become nearly equal. 
Therefore, an advantageous mechanism that allows doped amorphous 
silicon to grow by solid phase can be observed. As a result, 

25 localized levels within the amorphous silicon film are reduced 
to allow standard deviation ( <J ) of variations in threshold 
voltages of N-channel and P-channel transistors to significantly 
be reduced. . 



